SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREFOR 



BACKGROUND OF THE INVENTION 

1 . Field of the Inven-bion 

This invention relates to a semiconductor device and 
manufacturing method therefor, and particularly to 
technology useful for effectively realizing higher 
integration and higher functionality in a semiconductor 
device wherein a plurality of semiconductor elements (chips) 
is mounted in a single package. 

2 . Description of the Related Art 

In Fig. 1 are diagrammed examples of semiconductor 
devices of the type described above. 

In the examples diagrammed, semiconductor devices are 
represented wherein a plurality of semiconductor chips is 
mounted on one substrate. In the example in Fig. lA, 
semiconductor chips 2 are mounted on both surfaces of a 
substrate 1; in the example in Fig. IB, semiconductor chips 
2 and 2a are mounted in a stacked configuration on one 
surface of the substrate 1; in the example in Fig. IC, a 
plurality of semiconductor chips 2 is mounted in a plane on 
the substrate 1; and in the example in Fig. ID, one 
semiconductor chip 2 is mounted on one surface of the 
substrate 1, while a plurality of semiconductor chips 2 is 
mounted on the other surface thereof. These examples are 



respectively diagrammed schematically. 

On the surface of the substrate 1, wiring patterns are 
formed as appropriate. To the wiring patterns, the 
electrode terminals (not shown) of the semiconductor chips 2 
and 2a are electrically connected by wire bonding. The 
electrical connections between the semiconductor chips and 
the wiring patterns are not limited to wire bonding 
connection, and flip chip connections or TAB connections or 
the like can also be used. 

in a conventional semiconductor device as described 
above, the semiconductor chips 2 and 2a are mounted in a 
mounting surface of the substrate 1, wherefore, due to the 
fact that the substrate 1 is made in regular sizes, the 
number of semiconductor chips that can be mounted is limited, 
which is a disadvantage. 

When the semiconductor chips 2 and 2a are mounted in a 
stack, as diagrammed in Fig, IB, the upper chip 2 must be 
made smaller than the lower chip 2a by an amount necessary 
for the area which is required to make the wire bonding 
connections. For that reason, the mounting area for the 
upper chip 2 becomes smaller, and there is inherently a 
limit to the number of chips that can be stacked. 

In this case, when flip chip connections are used, 
there is no need to provide a region for bonding as 
described above, wherefore it is possible to increase the 
number of mounted chip as compared to the case of wire 
bonding connection. However, other difficulties arise 



instead. 

With flip chip mounting, in general, solder bumps or 
other metal bumps (electrode terminals) are formed on the 
electrode pads of the semiconductor chips, and connections 
5 are effected by thermally pressing these bumps down on 

corresponding electrode pads on a mounting substrate such as 
a printed circuit board. When this method is applied to a 
stacked chip configuration as diagrammed in Fig. IB, the 
upper chip 2 will be flip-chip connected to the lower chip 

10 2a. In this case, it is necessary to form the electrode 
pads on the upper surface of the lower chip 2a so as to 
correspond with the positions of the bumps that are the 
electrode terminals of the upper chip 2. Also, when 
stacking the chips, alignment must be effected between the 

15 bumps on the upper chip and the electrode pads on the lower 
chip, making the overall process complex, which is a 
disadvantage . 

When mounting a plurality of semiconductor chips in a 
single package in this manner, with a method as diagrammed 

20 in Fig. 1 in which the semiconductor chips 2 and 2a are 

simply mounted on the mounting surface or surfaces of the 
substrate 1 , the number of semiconductor chips that are 
mounted is limited, and it is not always possible to realize 
adequately high integration and functionality. 

25 That being so, in terms of a method for effecting 

higher integration and higher functionality, semiconductor 
device configurations have been devised in which the 
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substrate is made in multiple layers, and semiconductor 
elements are provided inside the substrate. If use is made 
of a multi-layer substrate structure wherein a plurality of 
wiring layers is provided, for example, it is possible to 
electrically interconnect the semiconductor chips and deploy 
them three-dimensionally inside the substrate. It is not 
necessarily easy, however, to imbed the semiconductor chips 
inside the substrate and form the wiring layers in multiple 
layers. When the recent demands for making packages smaller 
and lighter in weight are taken into consideration, 
furthermore, there are problems which must be faced, such as 
the necessity of forming the semiconductor devices compactly 
with the overall thickness thereof made thinner. 

SUMMARY OF THE INVENTION 
An object of the present invention, which was devised 
in view of such problems in the prior art, is to provide a 
semiconductor device, and manufacturing method therefor, 
with which it is possible, when mounting a plurality of 
semiconductor elements (chips) in a single package, to make 
the configuration reliable and compact, and wherewith higher 
integration and higher functionality can be realized more 
effectively. 

In order to resolve the problems with the prior art 
stated in the foregoing, in the present invention, effective 
use is made of the build-up method and other multi-layer 
wiring technologies in which advances have been made in 
recent years, in terras of effecting practicality, in the 



field of semiconductor packaging. 

A multi-layer wiring board for which the build-up 
method is used, for example, is generally built up by 
sequentially repeating a process for forming an insulating 
5 layer, a process for forming a via hole in the insulating 
layer, and a process for forming a conductor layer (wiring 
pattern) that includes the interior of the via hole. If a 
multi-layer wiring board obtained by such a build-up method 
is used, it is possible to imbed and mount semiconductor 

10 elements (chips) exhibiting enhanced integration levels, 
etc., in the built-up layers, and to provide electrical 
connection therebetween. 

Accordingly, based on one aspect of the present 
invention, a semiconductor device is provided that 

15 comprises: a multi-layer wiring board in which conductor 

layers having wiring patterns formed thereon are formed in 
multiple layers with an insulating layer interposed 
therebetween and the wiring patterns are mutually 
electrically connected through via holes that pass through 

20 the insulating layers; and semiconductor elements that are 
mounted and imbedded inside each of the insulating layers of 
that multi-layer wiring board; wherein the semiconductor 
elements are electrically connected to the wiring patterns 
that are covered by those insulating layers, and are stacked 

25 up in a direction perpendicular to plane of the surface of 
the multi-layer wiring board. 

More specifically, the present invention is as follows. 



5 



1. A semiconductor device comprising: 

a base substrate on one surface of which wiring 
patterns are formed; 

a plurality of insulating layers located on and above 
5 the surface thereof; 

conductor layers having wiring patterns formed therein 
and located on the insulating layers; and 

semiconductor elements imbedded and mounted inside the 
insulating layers; wherein: 
10 the wiring patterns are mutually electrically connected, 

passing through the insulating layers; and 

the semiconductor elements are electrically connected 
to the wiring patterns . 

2. The semiconductor device described in 1 above, 

15 wherein one or more semiconductor elements are imbedded and 
mounted inside each of the plurality of insulating layers. 

3. The semiconductor device described in 1 above, 
wherein two or more semiconductor elements are imbedded and 
mounted inside each of the plurality of insulating layers. 

20 4. The semiconductor device described in 1 above, 

wherein the thickness of the semiconductor elements is 50 \m 
or less. 

5. The semiconductor device described in 1 above, 
wherein the semiconductor elements and wiring patterns 

25 corresponding thereto are electrically connected by flip 
chip mounting. 

6. The semiconductor device described in 1 above. 
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wherein the semiconductor elements and wiring patterns 
corresponding thereto are electrically connected via an 
anisotropically conductive film. 

7 . A semiconductor device manufacturing method 
5 comprising: 

a first step for forming a wiring pattern on one 
surface of an insulative base substrate; 

a second step for mounting a prescribed number of 
semiconductor elements on the wiring patterns; 
10 a third step for forming an insulating layer on the 

base substrate and the wiring patterns so as to cover the 
semiconductor elements; 

a fourth step for forming via holes in the insulating 
layer so as to reach to the wiring pattern on the base 
15 substrate; 

a fifth step for forming a conductor layer having a 
wiring pattern, on the insulating layer, inclusive of the 
inner walls of the via holes; 

a sixth step for repeating steps similar to the second 
20 to fifth steps until the requisite number of wiring pattern 
layers is formed, and finally forming an insulating layer at 
the uppermost layer; and 

a seventh step for forming, on the other surface of the 
base substrate, external connection terminals which are 
25 electrically connected with the wiring patterns on the base 
substrate through the base substrate. 

8. The semiconductor device manufacturing method 
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described in 7 above, wherein the seventh step comprises a 
step for dividing the structure such that one or more 
semiconductor elements are comprised inside each insulating 
layer, respectively. 
5 9. The semiconductor device manufacturing method 

described in 7 above, wherein the seventh step comprises a 
step for dividing the structure such that two or more 
semiconductor elements are comprised inside each insulating 
layer, respectively. 
10 10. The semiconductor device manufacturing method 

described in 7 above, wherein the via holes are formed by a 
laser beam machining in the fourth step. 

11. The semiconductor device manufacturing method 
described in 7 above, wherein a photosensitive resin is used 

15 for the material of the insulating layer in the third step, 
and the via holes are formed by photolithography in the 
fourth step. 

12. The semiconductor device manufacturing method 
described in 7 above, wherein, in the second step, the 

20 semiconductor elements and the wiring patterns corresponding 
thereto are electrically connected by flip chip mounting. 

13. The semiconductor device manufacturing method 
described in 7 above, wherein, in the second step, the 
semiconductor elements and the wiring patterns corresponding 

25 thereto are electrically connected using an anisotropically 
conductive film. 

With the semiconductor device described in 1 above. 



when a plurality of semiconductor elements is mounted in a 
single package, the configuration can be made reliable and 
compact, as a consequence of which it becomes possible to 
more effectively realize higher integration and higher 
5 functionality. 

In the device described in 1 above, the wiring patterns 
need not all be on insulation layers. Nor do all of the 
semiconductor elements need be inside the insulation layers. 
Nor is it necessary that the wiring patterns all be 
10 electrically connected to each other. The present invention 
also comprehends such cases as these. 

Accordingly, as indicated in 1, 2, and 3 above, all of 
the combinations, namely of an insulating layer or layers 
not containing a semiconductor element, of an insulating 
15 layer or layers containing only one semiconductor element, 
or of an insulating layer or layers containing a plurality 
of semiconductor elements, come within the scope of the 
present invention. 

The present invention, furthermore, is particularly 
20 useful in cases where the semiconductor elements used are 

thin and the thickness required in the mountings thereof is 
thin, and flip chip mounting and anisotropically conductive 
film mounting are especially effective when the thickness of 
the semiconductor elements is 50 \m or less. 
25 The manufacture of the semiconductor device described 

in 1 above can be effected in stages as described in 7, and 
the via holes can be formed by laser beam machining or 
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photolithography. When the final division into 
semiconductor devices is made, as described in 8 and 9 above, 
the division can be performed so that either one or more 
semiconductors are contained in each insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for describing problems with a 
semiconductor device relating to the prior art; 

Fig. 2 is a cross-sectional diagram that schematically 
represents the structure of a semiconductor device relating 
to one embodiment of the present invention; 

Fig. 3 provides cross-sectional views showing 
manufacturing steps for the semiconductor device in Fig. 2; 

Fig. 4 provides cross-sectional views showing 
manufacturing steps that follow the manufacturing steps 
diagrammed in Fig. 3; 

Fig. 5 is a cross-sectional view illustrating an 
imbedded via structure; and 

Fig. 6 provides cross-sectional views showing 
manufacturing steps for grinding and polishing the back 
surfaces of semiconductor chips after flip chip connection 
has been effected. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention are described 
below. These embodiments are for the purpose of 
exemplifying the present invention, however, and do not 



limit the scope of the present invention. 

Fig. 2 represents schematically the cross-sectional 
structure of a semiconductor device relating to one 
embodiment of the present invention. 

The semiconductor device 10 relating to this embodiment 
is configured by a multi-layer wiring board 20 which is 
provided as a semiconductor package and has, as the base 
thereof, a base substrate on one surface of which are formed 
wiring patterns, and a plurality (3 in the example 
diagrammed) of semiconductor chips 3 0 imbedded and mounted 
inside that package (multi-layer wiring board) 20. In this 
embodiment, an example of a chip size package (CSP) having a 
structure in which the semiconductor chips 30 are stacked 
inside the package 20 and sealed with a resin is 
specifically described. A package having such a structure 
is hereinafter called a "stacked CSP." 

In the multi-layer wiring board 20, symbol 21 
designates an insulative substrate (base substrate) that 
constitutes the base for the wiring board, symbol 22 a 
conductor layer (first-layer wiring pattern) formed and 
patterned in the requisite shape on the base substrate 21, 
symbol 23 an insulating layer (first build-up layer) formed 
so as to cover the base substrate 21 and the wiring pattern 
22, symbol VHl a via hole formed at a certain position in 
the insulating layer 23 so as to reach to the wiring 
patterns 22, symbol 24 a conductor layer (second-layer 
wiring pattern) formed and patterned in the requisite shape 
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on the insulating layer 23 inclusive of the inner wall of 
the via hole VHl, symbol 25 an insulating layer (second 
build-up layer) formed so as to cover the insulating layer 
23 and the wiring patterns 24, symbol VH2 a via hole formed 
at a certain position in the insulating layer 25 so as to 
reach to the wiring pattern 24, symbol 26 a conductor layer 
(third layer wiring pattern) formed and patterned in the 
requisite shape on the insulating layer 25 inclusive of the 
inner wall of the via hole VH2, and symbol 2 7 an insulating 
layer (third build-up layer) formed so as to cover the 
insulating layer 25 and the wiring pattern 26. The 
insulating layer 27 at the uppermost layer also fulfills the 
role of a protective film for the device 10. The symbol 28, 
furthermore, designates a solder bump that functions as an 
external connection terminal for the device 10, and the 
solder bump 2 8 passes through the base substrate 21 and is 
connected to the first-layer wiring pattern 22, as 
diagrammed, and protrudes as a ball from the lower surface 
of the base substrate 21. 

It is preferable that the semiconductor chips 3 0 used 
be as thin as possible so that they can be deployed stacked 
up inside the package (multi-layer wiring board) 20. 

with current technology, semiconductor chips are 
provided having thicknesses ranging from 50 f^to 100 ^or 
so. If the semiconductor chip is of such a thickness, it is 
sufficiently possible, technically, to imbed and mount the 
chip inside the substrate, but a thickness of 50 or less 
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is preferable in order to achieve the object of the present 
invention. 

In this embodiment, semiconductor chips 3 0 having a 
thickness of 50 [mi or so are used. 

In the semiconductor device (stacked CSP) 10 relating 
to this embodiment, the semiconductor chips 30 are 
electrically connected to the wiring patterns 22, 24, and 26 
that are covered respectively by the corresponding 
insulating layers 23, 25, and 27, and are arranged in a 
stacked from, as seen in a cross sectional view in a 
direction perpendicular to the plane of the surface of the 
package 20. Particularly, they can be arranged such that 
they are mutually superimposed, when the package 20 is 
looked at in a plan view. 

A method for manufacturing the semiconductor device 
(stacked CSP) 10 of this embodiment is described below with 
reference to Fig. 3 and Fig. 4 which sequentially diagram 
the manufacturing steps therein. 

In a first step (cf. Fig. 3A) , the first-layer wiring 
pattern (conductor layer) 22 is formed on the insulative 
base substrate 21. For the material of the base substrate 
21, a glass epoxy resin or glass BT (bis-maleimide triazine) 
resin or the like is used, while copper (Cu) is typically 
used for the material of the conductor layer 22. 

The first-layer wiring pattern 22 is formed as follows, 
for example. 

First, a thin-film form copper layer is formed by non- 
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electrolytic copper-plating so as to cover the surface (on 
one side) of the base substrate 21. 

Then a photosensitive resist (not shown) is applied 
onto the thin-film form copper layer, and exposure and 
development (resist patterning) are performed according to 
the shape of the first-layer wiring pattern 22. 

Next, using that resist pattern as a plating mask, 
copper electroplating is performed, using the thin-film form 
copper layer as a plating power supply layer, and a 
relatively thick conductor layer is formed. 

After that, the resist pattern is removed, the exposed 
portions of the thin- film form copper layer are removed by 
etching, and the conductor layer (first-layer wiring pattern 
22) patterned as diagrammed is formed. 

Instead of the technique employing plating as described 
above, a method in which a substrate of a glass epoxy resin 
or glass BT resin or the like having copper foil bonded to 
the surface thereof is used, and the wiring pattern is 
formed by etching that copper foil, is also useful as a 
method for forming the wiring pattern (conductor layer) on 
the insulative base substrate, and is comprehended in the 
scope of the present invention. 

In the next step (cf. Fig. 3B), the requisite number of 
semiconductor chips 3 0 is mounted by flip chip connection on 
the wiring pattern 22 formed on the base substrate 21. This 
flip chip mounting is effected by thermally pressing the 
bumps (electrode terminals) bonded to the electrode pads of 



the semiconductor chips 3 0 against corresponding portions on 
the wiring pattern 22. 

when effecting these flip chip connections, as 
diagrammed in Fig. 3B, reinforcing the lower parts of the 
5 semiconductor chips with an underfilling 31 consisting of 
resin or the like is effective in making the attachment of 
semiconductor elements strong and secure. 

In the next step (cf. Fig. 3C), the insulating layer 
(first build-up layer) 23 is formed on the base substrate 21 
10 and the wiring pattern 22 so as to cover the semiconductor 
chips 30. For the material of the insulating layer 23, a 
thermosetting resin such as an epoxy resin, phenol resin or 
polyimide resin is used, for example. Alternatively, a 
photosensitive resin such as a photosensitive epoxy resin or 
15 photosensitive polyimide resin or the like may be used. 

In the next step (cf. Fig. 3D), via holes VHl are 
formed by a hole opening process using a CO2 laser or 
excimer laser or the like, so as to reach to the wiring 
pattern 22, at specific positions in the insulating layer 23 
20 (laser via process). 

When a photosensitive resin such as a photosensitive 
epoxy resin or the like is used as the material for the 
insulating layer 23, the via holes VHl can be formed using 
ordinary photolithographic technology (photo via process). 
25 In that case, the via holes VHl also can of course be formed 
using a laser beam or the like. 

After that, in the event that resin pieces or other 
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contamination has been produced by the hole opening process, 
a process (debarring or desmearing, etc.) is further 
performed to remove such, if necessary. 

In the next step (cf. Fig. 3E), the second layer wiring 
5 pattern (conductor layer) 24 is formed on the insulating 

layer 23, inclusive of the inner walls of the via holes VHl, 
in the same manner as in the step diagrammed in Fig. 3A. 

That is, a thin-film form copper layer is formed by 
non-electrolytic copper plating on the insulating layer 23, 

10 inclusive of the inner walls of the via holes VHl, a 

photosensitive resist is applied on that thin-film form 
copper layer, and exposure and developing (resist 
patterning) are performed according to the shape of the 
second layer wiring pattern 24. 

15 Next, using that resist pattern as a plating mask, 

copper electroplating is performed, using the thin-film form 
copper layer as the plating power supply layer, and a 
relatively thick conductor layer is formed. 

After that, the resist pattern is removed, the exposed 

20 portions of the thin-film form copper film are removed by 
etching, and the conductor layer (second-layer wiring 
pattern 24) patterned as diagrammed is obtained. 

When that is being done, the conductor layer is formed 
covering the inner walls of the via holes VHl, and that 

25 conductor layer functions as an inter-layer connecting part 
which electrically connects the first layer wiring pattern 
22 and the second layer wiring pattern 24. 
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In the next step (cf. Fig. 4A) , in the same manner as 
in the step diagrammed in Fig. 3B, the requisite number of 
semiconductor chips 30 is mounted by flip chip connection on 
the wiring pattern 24 formed on the insulating layer 23. In 
5 this case, as diagrammed, the semiconductor chips 30 mounted 
on the second-layer wiring pattern 24 can be arranged in a 
stacked configuration, as seen in a cross-sectional view, 
onto the semiconductor chips 30 mounted on the first layer 
wiring pattern 22, and so that they are mutually 

10 superimposed as seen in a plan view. 

In the next step (cf. Fig. 4B), steps that are the same 
as the steps diagrammed in Fig. 3C to Fig. 4A described 
above are repeated until the required number of wiring 
layers (3 layers in the example diagrammed here) is obtained 

15 and, finally, the uppermost insulating layer 27 which 
functions as a protective film is formed. 

In the final step (cf. Fig. 4C), the bumps 28 are 
formed as external connection terminals on the lower surface 
side of the base substrate 21, and the structure is divided 

2 0 into the individual stacked CSPs 10. 

The bumps 28 are formed as follows. First, through 
holes are formed by a hole opening process using an excimer 
laser or the like in the base substrate 21 at portions 
corresponding to the positions of the terminal formation 

25 portions of the first layer wiring pattern (conductor layer) 
22. Thereby, the ends of the through holes on one side are 
blocked by the wiring pattern 22, while the ends on the 
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other side are open on the bottom surface side of the base 
substrate 21. Next, solder balls are deployed in the 
through holes and bonded by ref lowing. Thereby, the solder 
balls fill the interiors of the through holes and are 
5 electrically connected to the wiring pattern 22, and bumps 
(external connection terminals) 28 are formed that protrude 
in ball shapes at the lower surface side of the base 
substrate 21. 

The through holes for forming the bumps 2 8 need not 
10 necessarily be formed at this stage, but may be provided at 
any stage so long as the main concept of the present 
invention is not violated. They might be formed beforehand 
by a laser process at the stage indicated by Fig. 3A, for 
example . 

15 Furthermore, although not particularly indicated in the 

drawings, it will be preferable to form a conductor film on 
the inner walls of the through holes, by copper-plating or 
the like, in order to enhance the solder wettability thereof, 
prior to deploying the solder balls in the through holes. 

20 After that, the structure is divided into CSPs, using a 

dicer or the like, along the division line C—C' as indicated 
by the broken line. That is, division is effected so that 
one semiconductor chip 3 0 is contained inside each 
insulating layer 23, 25, and 27. In this manner the stacked 

25 CSP (semiconductor device) 10 of this embodiment will be 
fabricated. 

As described in the foregoing, with the semiconductor 
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device 10 and manufacturing method therefor relating to this 
embodiment, the build-up method which is being made 
increasingly practical in the field of semiconductor 
packaging in recent years is used effectively, and thin 
5 semiconductor chips 30 having a thickness of 50 |MI or so are 
imbedded and mounted in each build-up layer in a midway 
stage during the process of stacking up layers by repeatedly 
and sequentially forming insulating layers, via holes, and 
conductor layers (wiring patterns) inclusive of the 

10 interiors of the via holes by this build-up method. 

Accordingly, a plurality of semiconductor chips 30 can 
be reliably mounted inside a single package (multi-layer 
wiring board) 20, and, by using semiconductor chips 30 of 
thin thickness, it is possible to configure the 

15 semiconductor device 10 compactly. Thus it is possible to 
realize higher integration and higher functionality more 
effectively than in semiconductor devices relating to the 
prior art. 

With the configuration of the semiconductor device 10 
20 of this embodiment, furthermore, the semiconductor chips 3 0 
are deployed in a configuration wherein they are mutually 
superimposed when seen in a plan view of the multi-layer 
wiring board 20, wherefore it is possible to effectively 
improve the integration level of the semiconductor device 10 
25 in the planar dimension. 

In the description of the embodiment described in the 
foregoing, the case where the configuration of the 
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semiconductor device is a stacked CSP is taken as an example, 
but the configuration of the semiconductor device is of 
course not limited thereto or thereby. In the step 
diagrammed in Fig. 4C, for example, in the embodiment 
5 described in the foregoing, the structure is divided into 

respective CSPs so as to obtain individual stacked CSPs 10. 
However, instead of such a divided form, the divisions may- 
be made in units of a necessary plural number of CSPs. 

That is, it is possible to effect division so that two 

10 or more semiconductor chips 3 0 are contained in each 
insulating layer 23, 25, and 27, respectively. 

By effecting such a divided form as that, the 
semiconductor device can be formed as a stacked MCM (multi- 
chip module), making it possible to effect even higher 

15 functionality in the semiconductor device. 

Also, in the embodiment described in the foregoing, 
flip chip connections are used for electrically connecting 
the semiconductor chips 3 0 and the wiring patterns 22, 24, 
and 26, but it is possible to use anisotropically conductive 

20 film (ACF), for example, instead thereof. When such ACF is 
used, compared to the flip chip connections using bumps as 
the electrode terminals of the semiconductor chips, the 
thickness of the insulating layers 23, 25, and 2 7 that are 
to be formed to cover the semiconductor chips 30 can be made 

25 relatively thinner, wherefore the semiconductor device can 
be configured even thinner and more compactly. 

Also, in the embodiment described in the foregoing. 
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non-electrolytic plating is used as the film forming method 
for forming the thin-film form copper layer (plating power 
supply layer) when forming the wiring patterns. Needless to 
say, however, the film forming method is not limited thereto 
or thereby. It is also possible to use sputtering or vapor 
deposition, for example. 

In the embodiment described in the foregoing, moreover, 
the means (inter-layer connection parts) for electrically 
connecting the wiring patterns on the upper layer side and 
the wiring patterns on the lower level side are configured 
by conductor layers formed on the inner wall surfaces of the 
via holes VHl and VH2 . Instead of such a configuration, 
however, the structure may be made in a solid body, that is, 
in a structure of "fill-in vias," which are formed by 
filling the interiors of the via holes with a conducting 
material such as copper plating, as diagrammed in Fig. 5. 
As diagrammed in Fig. 5, with the fill-in via 32 structure, 
vias can be formed immediately above vias, wherefore the 
wiring density can be raised, and, as a consequence, the 
semiconductor device can be made even smaller. 

Also, after forming the wiring patterns, as exemplified 
in Fig. 5, solder resist layers 33 can be deployed so as to 
cover the wiring patterns, base substrate, and insulating 
layers, prior to mounting the semiconductor chips. 

The role of the solder resist layers is to prevent 
molten solder from flowing out to other portions of the 
wiring patterns when connecting the semiconductor chips to 



the wiring patterns by flip chip connections, in cases where 
the bumps on the semiconductor chips are formed by solder. 

These solder resist layers can be deployed irrespective 
of whether via holes are present or not. They can be 
deployed after the step diagrammed in Fig. 3A or in Fig. 3E, 
for example. Needless to say, moreover, the solder resist 
layers must be formed so that the regions of the 
semiconductor chips where the flip chip connections are to 
be made are exposed, in order to make it possible to mount 
the semiconductor chips . 

The material used to form the solder resist layers may 
be the same as the material used to form the insulating 
layers and, in the case of a non-photosensitive resin, 
screen printing is applied to form the requisite patterns. 
In the case of a photosensitive resin, using a 
photolithographic process, the resin is applied onto the 
wiring patterns, base substrate, and insulating layers, and 
then exposure and development are performed to form the 
requisite patterns. 

In the present invention, furthermore, in order to 
realize thin semiconductor elements represented by thickness 
50 im or less, a method of directly mounting the thin 
semiconductor chips can be performed. However, there are 
cases where the yield in the flip chip connections 
deteriorates because of the difficulty of handling the thin 
semiconductor chips represented by thicknesses of 50 \m or 
less . 



Thereupon, as diagrammed in Fig. 6A, 6B, and 6C, the 
method of grinding and polishing the back surfaces of the 
semiconductor chips after flip chip connection is preferable 
as means for realizing the thin semiconductor elements 
represented by thicknesses of 50 \m or less, in the present 
invention, and belongs to the category of the present 
invention. This is described more concretely below with 
reference to Fig. 6. 

As diagrammed in Fig. 6A, thicker semiconductor chips 
34 (having a thickness of 300 im, for example) are flip-chip 
connected to the wiring pattern and reinforced with an 
underfilling 31. 

Then the back surfaces are ground and polished to make 
thin semiconductor chips 35 (having a thickness of 50 im or 
less, for example), as diagrammed in Fig. 6B. The portions 
3 6 enclosed by the dotted lines are the portions ground and 
polished away. 

Then an insulating layer 37 is deployed, as diagrammed 
in Fig. 6C. 

Based on this method, handling thin semiconductor chips 
can be avoided, and one may expect semiconductor device 
manufacturing yield to be improved. 

It is noted that, in the foregoing, in the steps 
illustrated in the figures other than Figs. 3 and 6, 
descriptions about reinforcement by underfilling is omitted 
even if it is possible. Needless to say, moreover, 
reinforcement by underfilling can be omitted in cases where 
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it is possible to effect strong and secure semiconductor 
chip connections . 

In the embodiment described in the foregoing, moreover, 
a glass epoxy resin or glass BT resin or the like is used 
for the base substrate 21, but a film comprising a polyimide 
resin or the like may be used instead. 

In that case, by applying a polyimide-based 
thermoplastic adhesive onto the surface of a polyimide resin 
film, for example, thermally press-bonding a copper (Cu) 
foil thereon, and then performing photo-etching or the like, 
a substrate which is equivalent to the base substrate 21 and 
wiring pattern 22 can be fabricated. 

According to the present invention, as described in the 
foregoing, a plurality of semiconductor elements can be 
mounted in a single package, and the configuration thereof 
can be made reliable and compact. Also, the semiconductor 
elements can be deployed in a configuration such that they 
are stacked up as seen in a cross-sectional view, and such 
that they are mutually superimposed as seen in a plan view. 
Hence higher integration and higher functionality can be 
realized more effectively. 
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